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A b s t r a c t

Initial results of upper tropospheric water  vapor obtained  from the Microwave limb

Sounder (M1,S) on the Upper Atmosphere Research Satellite (UARS)  arc presented. MIA

is less affected by clouds than  infrared or visible tec.hniqucs,  and provides daily near-global

humidity monitoring. Best results are currently obtained when water vapor abundances

are approximately 100--300 ppmv,  corresponding to ap])roximatcly  12 kro ]leight  in the

tropics and 7 km at high latitudes. The  ohservcd latitude variation of water  vapor at

215 hl’a  is in good agreement with the lJl{  lJGAIvll’  mode]. ‘1’he  ability to observe

synoptic-scale features assoc.iatcd with tropopause  lieigllt  variations is clcarlj~  illustrated

;., j Co]ii])ar]son v,,lth  t]lc. NASA GSII’C ass]]]j:l., ~,, ,; )i~,idc!. ;lu]niclitj .;.,IC1;IL]]!CIIL st]call)s

extending from tropical convective regions are also observed.

1. Introduction

~’l]c global climate system is at the forefront of environmental c.onccrns.  An-

thropogcnic  increases of greenhouse gases such as carbon  dioxide could lead to

en}] ancernent of net downward radiat,i  vc flux from the upper t,roposphcrc  and a
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warmer c]imatc. Water vapor is t,hc most ilnportaut  grcxmlIousc gas (e.g.  Manabc

and Wctherald 1967; IIoughton  ct al. 1990; Jones alld i14itcl]cll  1991 ) and the an-

ticipated cli]natc  change arising fron] ajy i]lc,reasc  in the :~l)tl]]c)l)[)gc]]ic  grccmhousc

gases critically clepcnds on the watcx  vapor  response to the -additional radiation]

fore.il]g. Assuming that the relative l]u]]lidity  rc]]lains  ul~c.l)angcd,  water Val>or wi]l

amplify the clitnatc  response to changes ill grcxmhouse gas c,ollcelltlatiolls,  or to

any other climate forcing. The water vapor c,ontcmt  increases exponentially with

increasing temperature for a constant relative humidity. ‘1’hc adc!itional  water can

trap more radiation and cause  further heating until  a IICW cqui]ibrium  is cstal~lishcd

(Manabe and Wethcra]d  1967; Bctts and  Ridgcway  1991), “1’IJc  positive feedback

role  of water vapor has been  observed under  clear sky conditions (Itaval and Ra-

manathan  1989; Rind et al. 1991 ). Water vapor and cloud abundances arc highly

coupled, and cloud feedback varies considerably among current  gel)cral  circulation

models (Ccss et al. 1990). Although tl]c cli]natc scmsitivity  fmdback  associated

with  water vapor is generally be]icved  to bc stloIlgly  positive, it is possih]c, that

the combined effects of clouds, precipitation, dynamics, and  water vapor may act

as a net negative feedback system. ]Jindzell (1 990) argues that incrcasccf  surfa,cc

temperature would increase convec,tioll which would dry  tllc upper troposphere

through subsidence. Based  on cirrus cloud ol~scrvations  duri[)g  aII 1;1 Niiio cvcut,

Ramanathan  and Collins ( 1 991) IIypot,l)csizc that a runaway water vapor grCCI-I  -

house effect over the warm oceans is c,hcckcd  by a negative fcedbac,k  from incmascd

reflectivity of upper tropospheric cirrus anvils formed from colldcmsed  moist air.

Evaluation of the relative importance of these effects has been  h indercd  by a lack
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of upper  tropospheric humidity (LJrl’ll)  data. Understanding the climate systcm

requires globs] scale  modc]ing,  and global water vapor measurements arc nccclcd

for validating general circ.ulatiol~  model performance. ‘J’hc only  practical mcihod

of obtaining continuous global data, is through satellite observations. Significant

progress is hcing lnadc to acquire  this information. 1 ligl] hori~ontal  and tcmporzd

resolution is now available froIn tl]c Visib]c Infrared Spin Scan  1{.adiomcter  (VI SSIi)

Atmospheric. Sounder (VAS)  on the GOES geosynchronous satellites (Sodcn and

Rrct,hcrton  1993; Udclhofen  and IIartmann 1994). ‘1 ‘he lIigll-l{esol~ltiol~ ]nfrared

Sounder (11 IRS) is similar to VAS and olmratm On NOAA’s polar orbiting platforms

(Wu ct al. 1 993). II IRS sacrifices some  temporal resolution but obtains full global

covcxagc  wi th  one instrumcmt. \JAS al)d H I}W measurements are obscured by

clouds, and both have ]imitcd  vcrtica]  resolution: nominally a 300 h]>a thick layer

c.cntmwd  at 300 hPa altitude  (the lllltS  has two additional channels for middle and

lower tropospheric humiditjz  mcasurcment,s).  “J’hc Stratospheric Aerosol and Gas

l’;xpcriment  11 (SAG]] 11) makes water vapor mcasuremcni,s with WI km vertical

rcsoluticjn  f rom the stratosl)hcrc  to the grouncl  or  to  the cloud tops (Itind  et al.

1993). SAG13 11 uses solar occultation , Jvhich  limits its measurements to shout 30

pcr day, with ap~)roximate]y  one month required to cover 70°S to 70° N (Cunno]cl

et al. 1989).

~’hc Microwave I,imb  Sounder (h41,S ) OL] the Upper Atlnosphcre  I{csearch  Satel -

]ite (U ARS), which has been in o])cratio]l  since! late September ] 99], gives a ncw

capability for global  I_JTl{ ohscrvations. Although not designed for this n~easure-

ment,  UAIH MI,S is sensitive to U’]’]] W]ICII  the field of view (] ’’OV) of its CIO
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spectra] band  is scanned down through the troposphere --- which haPPcns  once pm

minute  on each  limb scan. important features of the h41,S mcasurcmcnt  tcc.hniquc

for U’]’]] arc its ability to ohsmwc through cirrus, ]Icar global  coverage with  over

1300 profiles pcr day, and  an ability to dctcrminc vertical structure. ‘J’hc vertical

resolution is limited by the instrument l“OV which has  a 3.0 km half-power gain

width, and the best scnsiiivity  to water vapor  occurs jl] a vcrtica] band where the

abundance is N150 ppmv,  corresponding to w12 km height at low latitudes and

N7 km at high latitudes. ‘1’his paper describes some initial rcsu]ts  obtai])ed  using

a preliminary algorithm for extracting U’]’]] from the 1141,  S mcasurcmcnts.

2 Measurement Technique

‘1’he Microwave Limb  Sounder (MIX)  is a self-calil)rating vertically-scanned limb

soundil)g  instrument that measures thermal emission ill the lllilliIllctcI-w  a\~clcllgtll

spectral region (Rarath ct al. 1993). UARS is in a circular 57° orbit, 585 km

altitude, and MLS views the atmospheric limb  in a direction perpcndicu]ar  to the

orbit path. ‘llcre  are 15 orbits per day and h41,S makes  a limb scan  every 4.10

of orbit arc. Geophysical profiles are extracted from measurements Inacle during

cac.h limb scan, whicl) covers altitudes from tl~c surface to 9(I km. Calil)ration

is performed on each limb  scan. ‘1’llc orbital preccssio]l  causes the mcasurcmcnt

track longitude to move 5°, or 20 minutes  car]icr in local  time over a 24 h o u r

period. UARS makes a 180° yaw maneuver approximately every 36 days where

M1.S latitudinal coverage changes between 80°S to 34” N and 34°S to 80° N.

!l’hc MI,S  spectral band which gives (;10  (e.g., Waters et al. 1993) measures
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thermal radiation near 205 GIIz frequency (wavelength w 1.5 mm), which  is in

a region free of any strong intcrferiug  lines iu the stratospheric spectrum. When

tl]c l“OV of this band is scanned down tllroug])  the t,roposphcrc,  the dominant

contribution to its measured signal is thermal emission from water vapor. Water

vapor can, in principle, bc dcduccd  from this measured signal  over the vertical

range bctwccn (1 ) where its signals are sufficicnt]y  strong to be distinguished from

other cfl’ccts,  and (2) wl)crc  its signals hccomc so strong that they arc optically thick

and the measurements are mainly sensitive to atmospheric lmmpcraturc.  q’llis range

corresponds to water vapor abundauccs  bctwecu approximately 100 and 300 ppmv.

If the temperature profile is well known, the optically thick signal is a measure of

relative humidity which is the princip]e  used by the 6.7 #Ln] channel on infrared

sensors (e. g., Sodcn  and Brcthcrton 1993). ‘1’his  can cxtencl  the h41,S n~casurenlenl-

capability lower  into the I,ropospllcrc,  but is not considered l]ere.

Altitude (pressure) registration of the measuremel]ts  is ot)taincd  from observa-

tions of 02 enlissioll  in the stratosphere (Waters 1993) extrapolated downward

using hydrostatic equilibrium with temperatures from the operational analyses of

the National Meteorological Center (N MC) and measured chaugcs  in the lrOV

pointing. Pointing, temperature and  LJAILS platform attitude uncertainties c.orrc-

spond  to 400 meters at 10-12 km (1’’ishbein  ct al., s u b m i t t e d  to  J. Geop/Lys.  Aks.

1994). }Jigure 1 illustrates the concept for the simp]e retrieval schcmc used for

the initial results reported here. The radiance profile in the left panel is from a

single  limb scan near the tropics and shows the radiance increasing

altitude, corresponding to increasing atmospheric emission which

with decreasing

is described by
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an ‘absorption cocffi ci cl) t.’ The mcasurcmcnis have bccm vcrticallj’-illtcr]>  elated

onto  an equal-sJ~aced A]ogjo pressure grid of 1/6  or approxim.  atcly 2.5 km steps

(the standard  grid  for lJAIM  data).  ‘1’hc plot also shows the corrcs,,onding  atmo-

spheric tcmpcraturc  profi]c from N MC. Good sensitivity to atmospheric absorption

occurs  before the radiance. saturates, which is above 9 km for this mcasurcmcnt.

The instrumcnial  noise on cacll ‘2 second integration, for

<0.1 K cquivalcmt  brightncxs  tcmpcraturc  which gives a

the channc]  used  here, is

signal to noise of greater

than 1000:1 at the altitudes having best sensitivity. ‘1’hc radiance curve 1~ in the

left panel is modeled with the differential tmnpcraturc  radiative transfer equation

(Iiead  ct al., in preparation),

N N

‘1’llis equation is appliccl to au Al --1

(1)

laycrccl atmosphme where e a c h  l a y e r  i s  scpa-

rated by a surface with indices running from I (the F,arth  surface) to JV (top of the

N - 1 layer and non-absorbing space), The N lCVCIS correspond to the radiance

measurement heights, which in this case have been interpolated from the actual

mcasurcmcnts onto the standard (JA 1{S output gricl  as clescribed  above. $ubscript

t denotes the limb tang;cnt,  surface and i, j, and  k indicate the surfaces used in the

p r o d u c t s  and sums.  711’ == ~.lt = (7j_l -- 7;+ ,)/2 except  w h e n  i == AT where Tj{

= (l~..l + 7’N)/2  a u d  7# = T{ - l’S. l;, aud 7’s are the atmospheric brightness

tempera.ture (i.e. Planck radiation energy clividcd by the Boltzmann  constant) at

the i’th surface and cosmic background respectively. 6i~ is the layer transmission

given by

(2)
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where ~i is the average absorption cocfficicllt  bctwccn  surfaces i and i+- 1, and Asit

is the path length bctwccm surfaces i aud  i -{ 1 having  a path  geometry passing

tallg~lltia]]y  thrO@l  surfa~c  ~ (~~~ ~ ] ZLlld  flN =. ( ) ) .  ]~cfracti~l~  i s  igll~ld ]Icrc.

l’;qn.  1 can  bc recast into a recursion  equation which yields a vertical profile of

layer absorption coefficient using:

(3)

‘1’hc ccntcr panel of Figure I shows the Icsult of applying cqn.  3 to tl]c radiance

profile using the A Ioglo 1’ == 1/6 thick layers for each step. ‘1’lIc F’OV smearing

is ignored it] the simp]c proccdurc  used here, wllic.11  has the effect of degrading

rcso]ution  and intro  ducil)g  biases. Also shown il] the center pane]  is empirical dry

atmosphere continuum emission (dctcrmincd  by us) which dominates the signal

above tllc tropopausc. ‘J’]]is  col]tinuun)  cmissiou is present in all 111,S stratospheric

radiances, and is ncar]y  il~varianl.  with season aud latitude (including the cold dry

souihcrn  vortex), indicating that it is not caused by water vapor, clouds  or aeroso]s.

It is probab]y caused by col]ision-induced absorption (CIA) among nitrogen and

oxygm molecules. N itrogcn  Cl A has bwm measured at other frequencies (Dagg ct

al. 1985) and thcorctica]  estimates of its colltrihution  arc close to that observed

(Ilorysow  and Frommhold  1986).  After suhtrac.ting  tllc  dry air (’IA, the remaining

absorption cocfliciclit  is il)Lcr]~rctc.d  as water val)or, usil)g ],icbc’s  (1989) lnillimctcr-

wavc  propagation model. ‘1’hc rcsu]t  is shown ill the right pane] of }Jigurc  1.

Figure  1 also shows the c.alculatcd  effects of icc on M 1,S 205 C;IIZ measurements

based on the theory givem by Gunn and East (1 954), and a dielectric model from

IJicbc ct a l . (1989) .  ‘1’l~c  MI,S U“l’11  mcasurcmcnts  arc at altitudes which can
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be populated by cirrus anvils from  deep  c.onvectivctowcrs.  Measurcnlcnt,s  of icc

c r y s t a l s  in cirrus  auvils  have rcvcalcxl ice nlass  dens i t i e s  up  to 0.1 g WI--3 and

particle sifics of 20-40 i~nl at tcmpcraturcs  < 2201{ over spatial scales of 120 knl

(Knollc])hcrg  et al. 1993). ‘J’his anlouni  of icc could contribuk  N 20% to the total

absorption coefficient at 12 knl,  as SI]OWJI in Figure 1. ]n practice it will usually

bc ICSS,  l)ccausc  these are

synoptic scales on which

cmissioll  at 205 Gl]z duc

n~axinlunl  values and  not likely to be realized over tl]c

MIX  n~al<cs n~casurcn]cmts. The relative strcllgtlls  of

to w’atcr in icwvapor:liquid  are 1:2:100 for equal n]ass

dcmsitics; lower altitude clouds cont,aiuing;  liquid water >0.1 grn/cn13  (typical for a

]ight  cumu]us cloud)  will nlask  the vapor signal. IIighcx  altitude polar stratospheric

clouds and non-convective cirrus clouds arc lmorc than 30x ICSS dense (typically <

0.003 gnl-3  at ‘l’< –40° C (Ilcymsficld  and  I’latt 1984))  than tropical convective

cirrus .aI)vils  and  their effects on h41,S water vapor nlcasurcmcmts  arc ncgligib]c.

A test of the relative insensitivity to icc clouds is provided by hll,S  observations

o]] 8 l“cbruary  1993 through tropical cyclone “Olivcr)) over the Coral  Sea. ‘J’hc

partic]c  nlicrophysics  in ‘(oliver’” were  characterized by aircraft experiments and

reported by Pueschel  et al. (1 994) who find very higl)  ice dc]]sitics  ill the :angc of

0.4- 1.0 g 113-3, and  having; a binlodal  pa.rtic]c  distribution with peaks of 0.04 aud

0.4 rnn] at 10.7 km. ‘1’hey also found  that Partic]c  c.onccntrations  incrcascd  wi th

altitude up to 10.7 km. IIascd  ou Knollcnbcrg  ct al. (1 993) these conditions arc

up to tcn tinlcs more severe tllatl  found iu isolated convective systcnls.  Shown  i 11

Figure 2 arc three MLS nlcasurcnlcmt.  tracks at 215 h l’a whm-c the track indicated

by stars goes through the cyclone and the other two tracks arc adjacent aud avoid
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it. ‘1’hc latitudinal extent of the storm shown in the shading is based on the

image  iu Figure 1 of I’ucsche]  ct al. (1 994). ‘1’hc MI,S nlcasuremcnt  track over

‘[ Oliver” clctccts  hunlidification  (relative to the two adjaccni tracks) ill a reasonable

80- 90% range showing that th[? effect of this cyc]onc,  if any, does not cxcecd 10-

20% of ihc estimated mixing ratio. An unrcalistical]y  high value of 130% was

]J]casurcxl  inln~cdiatcly  north of the storm aud is not yet undcxstood.  Note that

retrieved values on all three MLS n]etisurcnlcnt  tracks  itlcrcase  to near 100% relative

IIunlidity  in the tropics, as expected.

3 Some Initial Results

‘1’hc initial MI,S wa.tcr vapor results S11OWI1 llcre are for a 100 h]’a thick  layer cen-

tcrcd at 215 hPa and  assume no contribution from ice. It is dificult  to validate

t h e  rctricvcd  water va.l)or

lack of suitab]c  datascts.

the retrieved distribution

:Iistribution  agaillst  other mcasuremcmts  because  of the

Accordingly, a first evaluation is made by comparing

with that anticipated from numerical sin~ulation.  Fig-

ure 3 shows sinlulated  distributions fronl  the [JGAMP  ([JK Universit ies ) Global

Atmospheric Modclling  l’rojcct)  mode] (e.g., Gray ct al. 1993). ‘1’his  is a spectra]

191CVCI  (hybrid signla  and  p) nlodcl  cxtcuding  fronl  the surface to 10 hl’a, derived

fronl  tllc forecasting model of the Kuro])can  Ccntre for Mcdiunl-raugc  Weather

l“orccasting.  ‘1’llc rul)s utilized  here were initialized with July conditions and the

data for Fig. 3 were cxtractccl 12 and 18 months into the run. l’hese  expcrinlents

utilized triangular-21 truncation, the Kuo convective schen]e and specified sea sur-

fa,cc tcnlpcraturcs  c.orrcsponding  to 1987 observations. Figure 3 shows individual
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mcasllrcmcnts  and  the zona] meau for a pair of days  t aken  bc.fom  aud after  a

ill the f igure.  MI,S nlcasurc]ncl]ts  SIIOW the cxpcc.tcxl  la t i tude distri-

)pcr tropospheric water vapor, with nlaxinlunl  values  occurring at the

]] t he  sunq]ncr  hcn]is~~hcrc. ‘1’hc mcasurccl  zonal  recall  values arc in

UAltS y a w  in both ,Januwy and  .Ju]y 1992. l{esu]ts  fronl  tl]e UGAM1’  n]odcl  arc

also show]]

bution  of u

subtropics

reasonable agrccnlenl,  with lJ(l AMl)l  cxccpt at ])igh latitudes, where MI,S values

can be artificially high due to F’OV cflccts  which  arc not accounted for in the pre-

1 iminary  retricva]  algorith]ns  used here. ‘1’IIC p e a k  zonal  value  obervcd  by MI,S

S})OWS  ]CSS  disp]accn]ellt  from the cqua,tor  than the U GAMP ]nodcl.

An iIltcrllcl~lis]~llcric  asynlnlciry  in U’]’} I has been observccl  from  aircraft in situ

n~casurcmcnts  by Kelly ct al. (1 991 ). ‘1’hcy found  the wintertin]e  lJ’J’11 po]cwarcl  of

40° to be 50Y0, or 10 pp]mv, clricr in tllc  southcrll  henlisphcrc  thau in tile nort,hern

l~cnlisphere.  ‘1’he IJGAMI)  results in l“igurc  3 also shc)w this asyn~mctry.  The MI,S

Y,ollal  average polcward of 40° also show’s  a ~ 10 ppmv clrier southmm  IImnisphcrc

hut, with larger  abso]utc  va,lucs due to the ~ll]acco~lllte(l-fol FOV effects. A definitive

M 1,S statement regarding the winimtime  asymmetry requires an improved retrieval

alp;orithm  curre]]tl,y  being developed. ‘1’hc aircraft results wcm  bascc] on cloud-free

data, whereas the MI.S results have not, been filtered for clouds.

l.J])pcr tropospheric water vapor mcasurcmcnts in the tropical West l’acific,  were

maclc during  the  NASA l)acific.  l~;xploratory  hflission  W e s t - A  (1’ I?MWA)  during

Scptcmbcr- October 199] using a l,yman-a il~sirument  on a I)C-8”  aircraft (Kelly

ct a]. 1993). N e a r - c o i n c i d m t  M],S measurcmcuts have bccm compared with the

I’](;M WA measurements and  reasonab]  y good agreement is obtained (Newell et al.,
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subnlittcd  t o  j. Gcophys. ]ks., Pl]l’vfkvA ,gpccial fssILe 1 9 9 4 ) .  ‘] ’he MI,S mca-

surcmcnts also show a distributio]l  of U’J’11  wl~ich is consistent with the Walker

circulation and its scasoual  variation (Newel] et al., subnlittcci  to J. {icoI~/Lys.  1(cs.

1994).

A dcnlonstratiou  of the MI,S ability to track syl]optic  scale  U’J’11  features is

showu  in l~igurc 4 . This figure  compares an MIJS 215 hI’a water vapor n~ap with

a tropopausc  pressure n~ap produced by the NASA GSIW data assin~ilatiou  model

(Schuhcrt  et al. 1993). Both maps arc for 14 March 1993 when  the US cast coast

was cxpcricncing a scvcrc  blizzard. Note the good correlation between the dry and

the low altitude (high pressure) tropopause  regions. Conversely, IJIC high a]titudc

t,ropopausc  (above 215 hJJa) is acconlpanied  by wet tropospheric air. ‘J’hc clash

bctwcxm t}le tropospheric aucl stratospheric air along  the cast coast as shown in

the GS1”C assin~ilation  ma]) is clearly indicated in the M 1,S map by a, sharp  water

vapoy gradient, Other notal)]c  features are the ann of high tropopausc  l~ressurc

wit]] dry air extending northwest fron~ Hawaii, and the unusually low pressure

tropopause  and wet region  occurring north of the Cllukchi  Sea.

(~onlparisons  between  fractional area covcragc  by high (above 440 h] ‘a) and op-

tically thick (visible optical depth greater than 9.38) clouds and  the MI.S and

upper tropospheric, water distribution are shown  in Figures 5 and 6. ‘J1he cloud

COVCI maps arc the 1983- 1990 c.linlatology  and indicate the regions where deep

convective clouds are prevalent. These are derived fronl  the lnternationa]  Satellite

Cloud  Climatology Project  C] data set (Rossow  aud Schiffer  1991; llartn~ann and

Ockert-Bell, 1992). The MI,S upper tropospheric water distributions were obtained
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by avcragiug all usable data frcnn 1991 to 1994, and rc]]rescnt  our’ first  attempt

at a c.linlato]o,gy  of troposp]]cric  water vapor fronl M 1,S. Although the cloud  and

lJrl’l  1 nlaps are for diffcrmlt  years, the corrcs])onclcncc  is good, as cxpcctcd since

c.onvcc.tivc  areas occur ill the same gcmcral  r e g i o n  frolll y e a r  to year. ‘J’hc MI,S

n~a]E+ clearly show dctraiumcnt  strcanls  cxtcndin~  fron] the convective (cloudy)

regions. ‘1’hc divcrgcncc  of water vapor  fron~ tropical convective zones is inlpor-

tant to dctcrmiuc bcc.ausc the outgoing longwavc  radiation, ant] hcncc Lhc global

grccwhousc  budget, critically dcpcmd on it.

4 Future  W o r k

‘1’hc initial results shown llerc  indicaic  MI,S can provide information on global

upl~cr trwposphcric  water val)or. IJuturc  work will include development of a more

so])histicatecl  algorithm to provide useful quautitativc  values, and validation of the

resulting product. A ncxl-gene.ration h41,S is now being dcvclopcd  foI NASA’s

ltartll  observing Systcm  (1;0S).  It will c.ontinuc  tile  UARS upper  t ropospher i c

water measurements to }jrovidc a long ternl record, aud will also have cnhanccd

capability to inc]udc  conl])lcte  c,ovcragc of water vapor fronl  the upper tropopausc

throug]]  the stratosphere. Such nlcasurcnlcl]ts,  hopefully, will advance our knowl-

edge of Earth’s clinlatc systmm and  the potential for c.l]angcs  in it.
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Figure  5: Top panel shows the 215 hPa MLS water  vapor cl imatology for
December- February which uses measurements made from 1991 to 1993 binned
into 4° x 4° latitude/longitude boxes. The bottom panel shows the December-

February, 1983-1990 ISCCP fractional high thick (altittide  above 440 hPa. and
visible optical depth greater than 9.38) cloud cover climatology map.



UARS MLS 215hPa Water Vapor
JJA 1992-1993

NO DATA 30 50 70 90 110 130 150 170 190 210 230 250 270

p p m v

ISCCP High Thick Cloud Amount
JJA 1933-199o

Percent

Figure 6: Top panel shows the 215 hPa MLS water vapor climatology for June-
August which uses measurements made from 1992 to 1993 binned into 4° x 4°
latitude/longitude boxes. The bottom panel shows the June-August, 1983-1990
ISCCP fractional high thick (altitude above 440 hPa, and visible optical depth
greater than 9.38) cloud cover climatology map.


